Introduction
Portal vein thrombosis (PVT) is a rare hepatic vascular disorder. It usually occurs in patients with advanced chronic hepatic insufficiency such as decompensated liver cirrhosis; however, it has also been reported in healthy individuals. Risk factors include prothrombotic conditions as well as abdominal inflammation like acute pancreatitis or inflammatory bowel disease. However, idiopathic PVT may also occur. Clinical presentation is very heterogeneous and is linked to the rapidity of thrombus development. Acute PVT can be associated with abdominal pain, dyspepsia, or fever. In contrast, chronic PVT may rather manifest with signs of portal hypertension such as variceal bleeding and/or ascites. Involvement of the superior mesenteric vein (SMV) may lead to an acute abdomen that is caused by mesenterial infarction. It is important to note, though, that acute and more typically chronic PVT may also remain clinically silent.
Diagnosis is primarily based on imaging, i.e., an abdominal ultrasound with Doppler imaging is the first procedure to diagnose PVT. Furthermore, it is based on the detection of a hyperechoic thrombus as well as a limited or absent portal blood flow. Reduced blood flow may indicate portal hypertension. Other possible features include splenomegaly or ascites. Abdominal computed tomography (CT) scan or alternatively magnetic resonance imaging (MRI) should subsequently be performed to determine the complete dimension of the thrombosis and to clarify the etiology (e.g. inflammatory causes like pancreatitis).
The primary nonsurgical therapeutic approach in PVT isin analogy to other vein thromboses -anticoagulation therapy. The special forms of PVT and the patient's condition require a thorough evaluation of the duration and selection of the anticoagulation medication. Systemic or local thrombolytic therapies are possible second-line treatment options even if they are not based on current guidelines.
Settings of Portal Vein Thrombosis
The choice of optimal therapeutic intervention is based on the diagnosis of the underlying cause of PVT. First, it has to be distinguished between acute and chronic PVT. Second, the etiology has to be determined, and idiopathic PVT, PVT with thrombotic risk factors (state of hypercoagulation), and PVT in liver cirrhosis have to be considered. Special therapeutic issues have to be addressed regarding patients with malignant and septic PVT as well for patients scheduled for liver transplantation ( fig. 1 ).
Acute Portal Vein Thrombosis
Acute PVT may lead to portal hypertension and, if the SMV is affected, also to intestinal infarction. Spontaneous recanalization is rare, although it has been described in 2 patients with transient inflammatory etiologies of PVT [1, 2] . Therefore, a sufficient therapy in the form of anticoagulation is recommended. Guidelines from the American Association for the Study of Liver Diseases (AASLD) [3] recommend an initial therapy with low-molecular-weight heparin (LMWH) which is subsequently switched to an oral anticoagulant such as warfarin with a sighted international normalized ratio (INR) of 2-3. Currently, no data is available about novel oral anticoagulant therapy (thrombin inhibitors or direct factor X inhibitors). Treatment is recommended for at least 3-6 months. An extension of therapy >6 months may be considered in cases of severe thrombosis up to the mesenteric vein or if no response to therapy is observed within 6 months. After immediate initiation of therapy higher recanalization rates have been reported with a complete thrombolysis in up to 50% of the cases [4] .
In patients where screening for thrombophilia revealed a permanent thrombotic risk factor, lifelong anticoagulation is recommended.
Treatment of acute PVT in patients with liver cirrhosis has not been defined in guidelines and is discussed controversially. This is surprising considering a PVT prevalence of 10-25% in patients with liver cirrhosis even in the absence of hepatocellular carcinoma (HCC) [5] . Some studies have reported better recanalization rates in these patients after anticoagulation [6, 7] . In the 9th American College of Chest Physicians (ACCP) Antithrombotic Guidelines, treatment is recommended in symptomatic but not in asymptomatic PVT patients [8] . Prior to initiation of anticoagulation therapy, these patients have to be screened for existing portal hypertension, e.g. esophageal varices or thrombopenia due to hypersplenism, in order to judge the risk of bleeding complications. Ma- lignant thrombosis in HCC is ruled out by using initial diagnostic imaging. Generally, in patients with PVT and cirrhosis, vitamin K antagonists (VKA) are not used due to prolonged effects and bleeding complications. In addition, the monitoring of VKA therapy by means of INR in cirrhotic patients is called 'unreliable' [9] . In these patients, anticoagulation should be continued with LMWH. Studies showed that LMWH is a safe and effective treatment, with a recanalization rate of up to 80% and with few episodes of nonsevere variceal bleeding [7, 10, 11] .
In patients not responding to anticoagulation therapy or when the SMV is affected, alternative therapies, such as systemic treatment with streptokinase or tissue plasminogen activators or a catheter-guided local thrombolysis with thrombolytic treatment, may be considered [12] (figs. 2-4). Unfortunately, only very little data has been published about these approaches. However, a high procedure-related complication rate is suspected [13, 14] . The possible role of placement of the transjugular intrahepatic portosystemic shunt (TIPS) is shown elsewhere in this issue. Other possible future medical approaches include the administration of antithrombin III (AT-III). Indeed, treatment with AT-III showed a preventive effect in cirrhotic patients with PVT after splenectomy [15] . Finally, a surgical approach needs to be considered in the treatment of PVT in patients with intestinal infarction.
Chronic Portal Vein Thrombosis
Acute PVT may progress to chronic PVT if continuous clotting of the portal (and mesenteric) vein occurs. These patients may develop collateral blood vessels, called cavernous transformation of the portal vein, and frequently suffer from gastrointestinal bleeding caused by esophageal or gastric varices due to portal hypertension.
In contrast to acute PVT, treatment recommendations for chronic PVT are not well established and controversially discussed. In addition, treatment guidelines have not been established for chronic PVT. However, most experts recommend a strict patient selection and individual treatment decision that is based on the etiology of PVT. Importantly, all patients need to be screened (and treated) via endoscopy for esophageal and gastric varices to reduce the risk of intestinal bleeding after the introduction of anticoagulation therapy. Nonselective beta blockers can be useful as a noninvasive prophylaxis in this situation.
Principally, all patients should be considered for anticoagulation therapy since thrombus extension or recurrence may aggravate the status of portal hypertension or lead to intestinal infarction. In addition, (undetected) permanent thrombotic disorders may be the underlying etiology of PVT. As discussed above, in patients with liver cirrhosis and acute PVT, treatment should primarily be based on LMWH since oral VKAs can lead to prolonged dysfunction of anticoagulation in the case of bleeding. Small sample-sized prospective studies as well as a retrospective study showed that anticoagulation in these patients was effective as evidenced by higher recanalization rates and good safety data concerning bleeding complications [7, 10, 16] . Long-term anticoagulation may be considered an option for patients with chronic PVT without cirrhosis or in patients with permanent risk factors for venous thrombosis [3] .
Prophylactic anticoagulation to prevent thrombus extension might be reasonable in patients with thrombotic risk factors but high risk of gastrointestinal bleeding. Chronic PVT may also lead to portal cholangiopathy. This is caused by venous collateral blood vessels that compress the large bile ducts. Patients with signs of obstructive cholestasis (jaundice, cholangitis) should be treated with endoscopic therapy, such as extraction of bile duct stones and insertion of biliary stents.
Special Forms of Portal Vein Thrombosis
PVT in the presence of infection may lead to a so-called 'portal pylephlebitis' or septic thrombophlebitis of the portal vein. It is usually caused by abdominal infections drained via the portal vein, such as diverticulitis, appendicitis, or intestinal bowel disease (IBD), and can lead to hepatic abscesses [17] . Therapy includes a broad-spectrum and long-term (>6 weeks) antibiotic coverage [18, 19] and in some cases drainage. As recommended by the above-mentioned AASLD guidelines, patients with acute PVT and any signs of infection should be treated with antibiotics [3] . It is of note that cases of recanalization have been described after sole antibiotic therapy [18, 20] . Still, as described above, systemic anticoagulation for 6 months is recommended.
The incidence of PVT in patients with liver cirrhosis and HCC, therefore called malignant or neoplastic PVT, is high and reaches up to 33% [5] . The nomenclature 'thrombosis' is not correct in this setting since plugging of the portal vein is primarily caused by an occlusion due to tumor invasion or obstruction. The diagnosis is based on contrast-enhanced imaging, showing contrast injection in the supposed thrombus, or via Doppler ultrasound, indicating a pulsatile flow [21, 22] . Due to the etiology of the thrombus, anticoagulation is not recommended in this setting since tumor tissue cannot be dissolved by anticoagulation, and an elevated bleeding risk has to be considered.
A future therapeutic option in these patients with liver cirrhosis and HCC and therefore with a poor prognosis may be the insertion of a metallic stent to avoid malignant progression of the thrombus from a portal branch to the main portal trunk [23] .
Intestinal vein thrombosis has been shown to be a negative prognostic predictor in patients with liver cirrhosis who are on the waiting list for liver transplantation. Especially, the extension of the thrombus to the SMV as well as a complete PVT has been shown to be associated with an inferior outcome in short-term observations after transplantation [24, 25] . In one study, patients with splanchnic vein thrombosis treated with anticoagulation showed significantly higher recanalization rates [25] . Therefore, anticoagulation treatment in patients with liver cirrhosis on the waiting list for liver transplantation and in those with PVT is recommended [26] [27] [28] .
Conclusion
In acute PVT, immediate anticoagulation treatment is the first and main therapy component. Special attention has to be given to patients with liver cirrhosis and bleeding complications. In advanced thrombosis up to the mesenteric vein, aggressive conservative treatment with thrombolysis, AT-III, or invasive therapies with local catheter-guided lysis or TIPS might be needed. The duration of anticoagulation treatment has to be determined by the underlying coagulation disorder.
Treatment recommendations for chronic PVT have not been clearly established due to the 'chronic' occurrence of clotting and the cavernous transformation of the portal vein, while the success of anticoagulation is still discussed controversially. Furthermore, the underlying portal hypertension with varices and thrombopenia constitutes a risk factor for anticoagulation in these patients. We believe that treatment should be started after an initial diagnostic procedure consisting of gastroscopy and endoscopic/medical treatment of varices as well as a strict patient selection.
Next to anticoagulation therapy, antibiotic treatment is the state of the art in septic PVT or PVT with any suspicion of infection. Malignant PVT should not be treated by anticoagulation since no recanalization can be expected due to the etiology and bleeding complications are frequent. The indication for anticoagulation in patients waiting for liver transplantation is strong since thrombotic events are a major risk factor for peri-and postoperative complications in liver transplantation.
